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A CONNECTOR DEVICE FOR COUPLING OPTICAL FIBRES, AND METHOD 

OF PRODUCTION THEREOF 

The present invention relates generally to a connector device for coupling optical fibres, and to a 
5 method of production of such a connector device. ' 

The problems of connecting optical fibres to allow transmission of light from one to the other 
are well known. Conventionally the optical fibres to be connected or "spliced" are cleaved to 
provide an accurately determined angle, usually perpendicular but possibly inclined at an angle 

1 0 greater than 6°. The cleaved face is an optically flat surface which is placed in direct contact 
with a corresponding end surface of the optical fibre to be spliced or, if spaced, an index 
matching material may be introduced into the air gap between the facing surfaces in order to 
reduce losses. In communications systems where development and change may take place it is 
necessary to be able to accommodate the possibility of changing the connections between 

15 different optical fibres so that a splice must be releasable or replaceable. In order to allow for 
re-positioning of optical fibres within cabinets it has been necessary, because of the end-to-end 
or "in-line" splicing configurations used until now, to leave a certain spare length of optical 
fibre available to accommodate the shortening of the optical fibre when a redundant splice is cut 
out to be replaced by another. This excess length of surplus optical fibre represents abotdeneck 

20 for downsizing, for example tap off and subscriber equipment in fibre optic access network 
deployments. The large number of spare lengths of fibre result in storage and management 
problems, increasing the size of connector cabinets and the complexity of the tasks involved in 
making and changing connections. 

25 However, in order to produce a connector capable of coupling non-aligned optical fibres 
cognisance must be taken of the divergence of the exit beam from the exit end of an optical 
fibre. In order to avoid losses on coupling it is necessary to capture all of this light at the inlet 
end of an optical fibre being connected to the above-mentioned exit end. It is for this reason 
that the face-to-face butt splicing of in-line connections, by bringing two fibre ends into 

30 physical contact, has been conventionally chosen as that least likely to result in losses even 
though it has inherent problems and difficulties of its own. It would be far preferable if the 
connections between optical fibres could be made with a simple plug-in arrangement in which 
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the fibres did not need to be positioned accurately in line with one another. This corresponds, 
for example, to the plug-board arrangement used for electrical conductors in which conductors 
to be connected can be simply inserted (having a suitable terminal or plug) into side-by-side 
sockets in order to effect connection. 

The present invention seeks to provide a connector device for coupling optical fibres in which it 
is not necessary for the fibres to be in-line with one another, allowing them to be side-by-side in 
what may be called a "parallel" configuration, or at an angle to one another (probably the most 
useful angle being 90°) in what may be called an "inclined" configuration. For the sake of 
generality, any coupling other than the serial or in-line butt coupling of a conventional splice 
will be referred to hereinafter as a non-aligned coupling. This term will be understood to refer 
to both parallel (that is side-by-side) and inclined couplings as defined above. It is also possible 
to include so-called splitters and combiners within the meaning of the term "connector". It will 
also be appreciated that a connector may couple a single pair of optical fibres or a plurality of 
pairs of fibres. 

Accordingto one aspectofthe present invention, therefore, there is provided a connector device 
for coupling non-aligned optical fibres, in which light is directed from one fibre to another by a 
reflector and the positional relationship between the ends of the optical fibres and the reflector is 
determined by means for locating the end of each optical fibre to be coupled in a predetermined 
position both parallel to and transverse the length of the fibre. 



The need for accurate positioning of the ends of the fibres transverse their length will be 
apparent in that it is necessary to ensure optical coupling of reflected light without losses. The 
requirement for accurate positioning longitudinally of the length of the optical fibres arises from 
the above-discussed form of the exiting light which is coupled into the optical fibre not as a 
beam of parallel light, but rather as a diverging or converging beam (depending on whether it is 
exiting or arriving respectively). For this purpose collimating lenses are required between the 
ends of Ihe optical fibres and the reflector if a plane reflector is used. Of course, it is not 
essential for the reflector to be a plane reflector. If a curved reflector, such as a concave 
(possibly parabolic) reflector is utilised it is possible for it to receive non-parallel light beams 
and to reflect the mcidenthght to a region laterally offset from the source region. Naturally, the 
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ends of the optical fibres and the collimating lenses must be located in predetermined positions 
wim respect to me reflector m o^ 

The ends of the optical fibres must also be located in such a position as to ensure that the 
apparentpoint source ofUghtfromtheendofthe optical fibre is located in the focal plane of the 
lens in order forthis to form the light into a parallel collimated beam directed at the reflector in 
the case of the output or exit fibre, and for receiving light from the reflector in the case of the 
receiving fibre. 

In one embodiment the said collimating lenses are integrally formed with the said means for 
locating the ends of the optical fibres to be coupled, there being provided means for determining 
the relativepositionofthereflector and the saidmeans for locating the ends of the optical fibres 
to be coupled, the latter being adapted to locate the optical fibre at a predetermined distance in 
relation to the focal length of the lenses. Alternatively the collimating lenses may be 
heterogeneously aligned with mechanical positioning tools or cavities with the said means for 
locating the ends of the optical fibres to be coupled. Also alternatively, however, the lenses may 
be independent of the means for locating the ends of the optical fibres to be coupled and, even, 
may be formed integrally with the reflector if this is formed as an optical body with a reflector 
surfaceonarearface. Techniques for producing integrally-formed lens and reflector bodiesor 
integrally formed lens and fibre-locating bodies will be described in more detail hereinbelow. 

The means for locating the ends of the optical fibres to be coupled may comprise a locating 
member having openings for receiving the ends ofthe optical fibres to be coupled and means for 
determining the relative position and orientation ofthe said locating member with respect to the 
reflector. Such relative position - and orientation - determining means may simply comprise 
spacers or, as in the preferred embodiment, may comprise co-operating form-engagement 
members on or carried by the said reflector and the said locating member. Likewise it is 
preferred that the said locating member has means for securing it in a predetermined fixed 
spaced relationship with respect to the reflector. 

In embodiments in whichthe reflector is formed as an optical body this is preferably a generally 
prismatic element having at least one reflector surface at which reflection takes place by total 
internal reflection. For a general case of non-aligned fibres a single reflector surface may be 
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provided. For the specific case of parallel, side-by-side, non-aligned fibres, a reflector prism 
having two reflector surfaces orthogonal to one another is preferred. This configuration, giving 
a 180° diversion of incident light, enables simple plug-in connection of adjacent optical fibres 
Alternatively, instead of using a reflecting prism, a reflector (or reflectors) formed by suitable 
5 coated surfaces, for example at 45° to the direction of incident and reflected light may be 
employed. Now, because the fibres are not in-line with one another, it is not necessary to 
provide for substantial lengths of spare fibre for repositioning of couplings, first because a 
simple plug-in connection is envisaged, in which case it is not necessary to cut and re-cleave the 
fibre in order to make a fresh connection, and secondly because any shortening of the fibre can 

10 be accommodated by a corresponding shortening of its partner in the connection so there is 
never any risk that a connection cannot be made becausethe two fibres intended to be connected 
cannot be made to reach one another. As mentioned above, the most useful non-aligned 
mclinationsofopticalfibrestobecoupledarelikelytobe 180°and90°. These two angles allow 
certain advantages to be obtained and may find particular application in patch panels of optical 

15 distribution frames. 
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Although surfaces at which total internal reflection are used this may still result in some small 
transmission losses and to combattbis the reflector surface may be metaUsed, for example with 
an aluminium or other metal layer, to improve its specific reflectance. Likewise, the reflector 
surface may be formed with or associated with a diffraction grating allowing for multiplexing 
and de-multiplexing wavelengths. Depending on the grating characteristics, the coupling fibre 
can be dual fibre ribbon or a multiple fibre ribbon. In such cases the coupling e lementmayalso 
be used as a splitter or combiner or a wavelength selective multiplexer or demultiplexer. 

Means by which the optical components can be secured together in a supporting structure will 
be described in more detail with reference to the specific embodiments. Techniques by which 
the optical components may be made include diamond turning and reactive ion etching 
processes mwlnchaMghmolecm^ 
chau^,isirmdiatedmse^^ 

which acts selectively on the irradiated material leaving the non-irradiated material unchanged. 
According to a second aspect of the present invention, therefore, a method of producing a 
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component of a connector device for non-aligned optical fibres comprises the steps of: 
irradiatmgasele^ 

beam having sufficient local energy transfer to be capable of breaking the molecular chains of 
the polymer; 
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cause a 
a 

te 



subjecting the irradiated regions of the polymer material to a subsequent treatment to 
change in the physical or mechanical properties of the irradiated regions whereby to enable 
component having a desired shape and/or surface properties to be formed; and reproducing th. 
component thus formed using mass production techniques such as micro replication, injection 
moulding or hot embossing. This latter step is preferably performed using high quality 
polymeric materials like cyclo olefin co-polymer (COCs) or optical ceramics. 

Thememodofmemventionmaybeperformedbyirramatmg^ 

of substantially circular cross section for a period of time, determined in relation to the energy 
and the dose rate of the particle beams, such as to produce a substantially cylindrical region of 
determined length of irradiated material, and selectively removing the modified, irradiated 
material by solvent etching to produce cavities of a defined size and shape to receive the ends of 
optical fibres and locate them with respect to the component bothparallel to and transverse the 
length of the optical fibre. This production technique allows high accuracy in that the control of 
the irradiating beam can be achieved with positioning accuracies in the micrometer and sub- 
mxcrometer range. The boundary between radiated and non-irradiated material is extremely 
sharp so that the subsequent treatment leaves an extremely well-defined smooth surface with 
sharp edges. Such cavities can provide sockets for reception of the ends of optical fibres and 
the depth of such cavities can be accurately determined so as to provide a shoulder for locating 
the end of the optical fibre accurately parallel to the length thereof. 

Other surface features, such as lenses, may be made by a technique in which the component is 
nradiated with a beam, especially a particle beam of substantially circular cross section for a 
tnne period determined in relation to the energy and dose rate of the particle beams, and the 
subsequent treatment of the irradiated region may comprise exposing the surface thereof to a 
monomer vapour (possibly the same material as the polymer) at an elevated temperature at 
which the monomer diffuses into the irradiated regions whereby to cause local intumescence 
By ensuring good circularity of the irradiating beam Ihe local intumescence may cause an 
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effectively spheric* surface to to formed in an accurately located position on the body. Such 
^^^amicto^wUeh^to^^^^^^^^^ 

cavities for receiving fhe ends of the optical fibres, or may be fonned on a c_ body wifh 
the reflector. Alternatively, a lens plate may be fonned wifh one or a phnalny of snob lenses 
and the aructure of the elector may involve means for locating tins p late in Nation to the 
reflector body and a fibre-.ocating piate having cavities as discnssed above. By using a 
homogeneous beam of circular cross section i, is possible to generate a lens with a spherical 
surface. Aspheric lenses may be preduced by using an inbomegeneous beam, and by varying 
the cross-sectional shape and me homogeneity suifably it is further possible to produce 
cyhndnca. fenses for speeial pmpose, There is an optimum relationship between the 

nrnmation^mdurationandenergydeMiWandmesubse^uentneatinemb 

dumtion of contact witit me diffusing monomer and its temperature m the ^ ^ order to 

avotd defect in tit. lens shape upon intumescences such as poor swelling, defonnation 
excessive volumetric expansion, depressed lens surface etc. 

The reflector surface may be formed by a similar technique involving an irmdiation stop 
perfonnedwrmacnntinuoussueamofpamclessuchasprotonawimrelativeu^^^^ 
beam and the polymer body being nndertaken to form an irrediated region of selectod shape 
lb. ^subsequent tieatmen. (preferably chemical treatinent) may men resul. in removal of the 
abated material, for example by etching or other technique, to leave a smooth optically fla, 
surface suitable for acting as a reflector. 



As mentioned above tire energetic particles may be protons as these can be generated in a 
cyclotitm with the necessary energy, fypioafly in tite region of 8 MeV. Outer heavier ions, 
25 mcludm ^l^mtc^^mn^^^^,^ ^ 

energy ievel is sufficiently high to break me polymer chains and create fhe required deep 
structure. J 1 



30 ^'^^^^^^^^-wim 
branched or cross-.in.ted chains may be usable as we.,, In partictdar, me relatively heavier 

afchapttticl* -Wlendti^vesto^h^mtofreUmve.ymictee.en^ofpolyn^ 
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only with relatively thinner elements of polymer. It is expected that electrons will lose an 
appreciable amount of energy when interacting with the polymer. 

A third aspect of the present invention provides a connector device for coupling non-contacting 
optical fibres, comprising at least one lens and means for locating the ends of the optical fibres 
to be coupled in a predetermined positional relationship with respect to the said lens, whereby to 
direct light leaving one of the optical fibres substantially entirely into the other optical fibre. 
Various different embodiments may be devised, for example, in one embodiment this means the 
said means for locating the ends of the optical fibres in a predetermined positional relationship 
with respect to the lens comprise at least one alignment plate having openings for receiving the 
ends of the fibres and locating them in a predetermined position with respect to the said lens. 

The lens may be separate from or integrally formed with the or a said alignment plate. There 
may be two such alignment plates, in which case each may have one or more lens integrally 
formed therewith. As in embodiments discussed hereinabove the openings in the alignment 
plate or plates may be blind or through holes and in each case may be tapered to allow easy 
introduction of the optical fibre whilst nevertheless securing a close tolerance location of the 
end. A transparent stop plate may be provided in embodiments in which the alignment plate has 
throughholes. The end face ofan optical fibre is contacted by the stop plate upon insertion of a 
fibre to form part of a coupling. 

The present invention may be considered more generally to comprehend a connector device for 
coupling optical fibres, in which light is directed from one fibre to another by an optical 
component other than the fibres themselves, in which the positional relationship between the 
ends of the optical fibres and the said optical component is determined by means for locating the 
end of each optical fibre to be coupled in a predetermined position both parallel to and 
transverse the length of the fibre. In this case the optical component may be a reflector, for non- 
aligned couplings, or a lens, for aligned couplings. In such a connector device the said means 
for determining the positional relationship between the ends of the optical fibres and the said 
optical component or system may comprise at least one alignment plate having openings in 
predetermined positions for receiving the ends of optical fibres. The said optical component or 
system may comprise or include at least one lens formed integrally with the said alignment plate 
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The present invention also comprehends a connection device for coupling optical fibres, in 
which light exiting one fibre is directed to another by optical transmission means outside the 
fibres in the form of one or more lenses located in a fixed position with respect to fibre and 
locating means of the connector. In such a device the fibre end locating means may comprise 
openings in an alignment plate for receiving the ends of the fibres, the lens or lenses also being 
formed integrally on the alignment plate. 

Various embodiments of the present invention will now be more particularly described, by way 
of example, with reference to the accompanying drawings, in which: 

Figure la is a diagram illustrating the major components in a connector formed 
according to the principles of the present invention; 

Figure lb illustrates a corresponding arrangement having a front face reflector; 

Figure 2a is a schematic section through an exemplary embodiment; 

Figure 2b is a section through a corresponding embodiment with a front face reflector; 

Figure 3 is aperspective view of an embodiment of the invention formed for connecting 
multiple optical fibres; 

Figure 4 is a diagram illustrating the major steps in the method for forming 
microcavities in a polymer body suitable for use in the connector of the invention; 

Figure 5a is a diagram illustrating the major steps in forming a micro lens array suitable 
for use in an embodiment of the invention; 

Figure 5b is a graph showing the temperature program of a monomer diffusion 
treatment; 

Figure 6a is a schematic diagram illustrating a further embodiment of the invention for 
connecting non-aligned optical fibres; 

Figure 6b is a corresponding embodiment having a front face reflector; 

Figure 7a is a schematic view of an embodiment utilising a non-planar reflector which 
does not require lenses; 

Figure 7b is a corresponding embodiment with a front surface parabolic reflector; 
Figure 8 is a schematic view ofa prism having locating pegs for engagement withabase 

plate; 
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Figure 9 is a schematic view of a base plate suitable for use with the prism of Figure 8 ■ 
Fxgure 1 0 shows the two components of Figures 8 and 9 in the relative positions they 
would occupy just before coupling; 

Figure 1 1 shows a schematic layout of a device incorporating such components- 
Ftgure 12 is an illusion of an embodiment using a fibre clamping arrangement to 
retain the fibres in position; and 



Figure 13 is a schematic view of a further embodiment for coupling in-line 



fibres. 



Refers fin* to Figure la an optical connector for non-aligned optical fibres comprises an 
10 assemb.ygenerauyindica.ed 11 the main components of which are a reflector prism 12a two 
lenses .3, 14 and a fibre .ocating phtte 15. He prism 12a is a triangutar prism having two 
reflector feces 16, 17 at right ang.es to one another and a pianar inputfoutpu, face „ As „ 
known, by suitable choice of material for the body of the prism 12a, such as po.ymefhy, 

15 **y^M<*^^^ m ^^ l ^ a ^ lteml6 „ 
at 45 , is reflected thereby pai aUel to the light fmnsmission facets to the other of me two 
reflector faces 16, ,7 a, which if is reflected back on, through me Ugh, transmission face .8 
parafle! to but offset from me direcfion of incident Ught He critical surfaces of this 
embodiment may be provided with anfi-reflecfion coating to avoid Fresnel reflation tosses 

20 along the light-path within the connector. 
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In F.gure fa, two optica, fibres are generafly indicated 1 9, 20. Each has a respective cleaved 
end face 21 , 22 strictly perpendicular to the lengflr of the optica, fibre. A* win be appreciated 
bgh.coupledmtoorou.from art optica, fibre suchasfhe fibres 19, 20 through end faces 21 22 
fotms a genemfly corneal beam Ulustrat^^^ 24 ^ 

lenses 13, 14 men ac, to collhnate these beams to provide parallel beams 25, 26 which are 
modem on tire reflecting surfaces 16, !7. Tins, as can be seen from Figure la if the 
fongmrdina. positioning of the optical fibres !9, 20 is adjusted appropriately in relation to me 
.eases .3, 14 aU of me Ugh. .caving one fibre is inciden, on me associated lens and can be 
coupiedintouteomerfibrevfametworeflectionsafmerefleotor 16, 17 ^substantially no 
losses. Any latend offset of an optica, fibre 19, 20 in relation to a lens 13, 14 wfll result in 
mcompteteUghthansmission and cotresponding tosses. Likewise, if me ends 21 22offte 
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optical fibres are too close to the lenses 13, 14 then not all of the light leaving an optical fibre 
will be incident on a lens and, again, losses will be incurred. 

Figure lb shows a corresponding configuration using amirror 12b with a front surface reflector 
in place of the prism 12a. The same reference numerals have been used to identify the same or 
corresponding components. Obviously a second surface mirror (rear face coated) could also be 



For a practical optical fibre connecting device it is not possible to provide means for adjusting 
the positions of the lenses and/or the ends of the optical fibres in order to ensure no losses, 
although for most known manufacturing techniques dimensional tolerances would not normally 
be sufficiently fine to ensure that no losses occurred. In accordance with the present invention, 
however, it is possible to build a structure which has inherent accuracy in positioning of the 
component parts such as to allowplug-in coupling of optical fibres wimmimmum transmission 
15 losses. 

Figure 2a illustrates an embodiment of the invention utilising the basic components of a 
structuresuchasthatdescribedinrelationto Figure 1. Those components which fulfil the same 
or corresponding functions have been identified with the same reference numerals. Thus, the 
prism 12ahas reflector surfaces 16, 17 and a light transmission surface 18. In this embodiment, 
however, the lenses 13, 14 are integrally formed on the light transmission surface 18 by a 
process which will be described in more detail below. The prism 12a has two transverse lugs 
27, 28 by which the prism is located between fixed locating members 29, 30 and spacers 31,32 
which define the separation between the prism and a base plate 33 which has cavities 34, 3 5 for 
receiving optical fibres 19,20. The spacers 31, 32, inthis embodiment, have openings passing 
therethrough for receiving clamping pins 36, 37. 

Correspondingly Figure 2b shows an embodiment using a front silvered mirror 12b and an 
alignment plate 33 in which the lenses 13, 14 are integrally formed. 

Figure 3 illustrates an alternative embodiment, similar to that of Figure 2, in which the base 
plate 33 is adapted to receive connectors bearing a plurality of optical fibres 19, 19', 19", i 9 >», 
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and 20, 20' 20", 20"', the prism 12 in this case being elongate in relation to the length of the 
prism 12 in the embodiment of Figure 2. 

As previously mentioned, the cavities 34, 35 accurately define the positions of the ends of the 
optical fibres 19, 20 in relation to the lenses 13, 14 and the reflectors 16, 17. Precise positioning 
is important in order to obtain optical coupling. Figure 4 accordingly illustrates the steps in a 
process by which accurately positioned cavities can be formed in a body to produce the cavity 
plate 33. A body 40 of suitable material such as polymethyl methacrylate (PMMA) or other 
positive resist material such as a high molecular weight polymer, preferably, but not 
exclusively, one with linear chains, is targeted by a proton beam 41 generated by a cyclotron 42. 
Schematically shown is a stop 43 which defines the size and cross sectional shape of the proton 
beam 41 targeting the body 40, and a shutter 44 which can be moved in the direction of the 
arrow A to intercept the proton beam from the cyclotron 42 and thereby define a precise 
exposure time for the body 40. 

Irradiation of the polymethyl methacrylate body 40 with protons activates sites in the PMMA 
body resulting from the energy exchange from the impacting protons with the molecular chains 
of the PMMA body through which they travel. Consequently the polymer chains break and . 
activated sites are created. These activated sites can be exploited in a number of ways in order 
to shape the body of PMMA to form highly efficient coupling components. As illustrated in 
Figure 4 the proton beam is circular in cross section and of very small diameter (in the region of 
125 n m) corresponding with the cladding diameters of the fibres and can be targeted on the 
body 40 with high precision. 

After irradiation the body 40 is selectively solvent etched to remove the radiation-activated 
regions. Etching is performed in an etchent bath 45 and the body 40 is thereafter transferred 
into a subsequent etchant "stop" bath 46 at which the etching is terminated, and then into a 
water bath 47 for rinsing. The finished product comprises a body 40 having a plurality of 
cavities 48. Because of the high accuracy which can be achieved in the irradiation step the 
cavities 48 are accurately positioned in an array. Typically the pitch between adjacent cavities 
may be 250 urn. It is possible to produce parallel sided, smooth, sharp-edged cavities using this 
technique. Alternatively by taking advantage of the scattering of the protons, the profiles of the 
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cavities 48 may be conical. In Ibis way tapering holes may be formed that allow for 
introduction of optical fibres into a wider end quickly and easily, whilst nevertheless achieving 
close tolerance positioning of the fibre end at the narrow end of the cavity at the other side of 
the plate, at which the end faces of the optical fibres are located. By limiting the irradiation 
5 time, blind cavities 48 can be formed or, if desired, cavities passing right through the body 40 in 
the manner of through holes can be formed, the resulting cavitied body being suitable for use as 
the aforementioned base plate or cavity plate 33. 

In an alternative procedure (not illustrated) the body 40 may be moved continuously during 
10 irradiation in order to define the shape of a body. The prism 12 may be formed in this way 
having optically flat side surfaces and projections for mechanical alignment as will be described 
in relation to Figure 8. 



Figure 5a illustrates an alternative procedure in which, after irradiation of a successive set of 
1 5 regions of a polymer body with a circular proton beam to provide radiation-activated sites in a 
two dimensional array over the surface of the body at accurately defined positions the body is 
treated with a monomer vapour which is diffused into the irradiated regions of the PMMA body. 
This diffusion of the monomer effectively "grows" enlarged areas by causing intumescence of 
; ^ irradiated regions which results in part-spherical lens surfaces 49 projecting from Ihe flat 
20 face of the body 40. The diffusion takes place in a reaction vessel, generally indicated in Figure 
5a. The reaction vessel is heated, for example in an oven (not shown) to bring it to a stabilised 
temperature. As can be seen in Figure 5a the reaction vessel has three ports or interfaces 
respectively for temperature control, injection of the MMA monomer and control of the 
pressure. In use of the reaction vessel, the polymer body irradiated as described above is 
25 mounted on a holder (not shown) within the vessel which is positioned strictly perpendicular to 
the gravitational force and held rigorously in a fixed position. This is important since any 
movement of the body, or misalignment with respect to the gravitational force during the 
treatment process may result in a displacement or misalignment of the optical axis of the lenses 
being formed. 

30 

Figure 5b illustrates one example of the type of conditions under which intumescence takes 
place and lens formation can be accomplished by diffusion of the MMA monomer in the 
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irradiated zones where the bonds are broken. In this example it will be seen that it takes about 
two hours for the interior of the vessel to reach a temperature of 90°C. At this point the MMA 
monomer is introduced into the monitor vessel and intumescence takes place for about forty 
minutes at a temperature of 90°C. Thereafter full polymerisation is accomplished by reducing 
the temperature to 70°C and sustaining the temperature for about four hours. 



on 



It is, of course, possible that the cavities 48 and the spherical lens surfaces 49 may be formed 
opposite faces of the same body. Such an arrangement is illustrated for example in Figure 9. 
The relationship between irradiation time, choice of diffusing monomer, duration of exposure 
and diffusion temperature, can be used to determine the precise degree of intumescence and thus 
the precise shape of the surface. Consequently the focal length of the lens thus formed may be 
predetermined. 

Figure 6a illustrates an alternative embodiment in which the prism 12 has a single reflecting 
surface 65 and two light transmission surfaces 66, 67. Lenses 68, 69 on respective alignment 
plates 70, 71 couple light from optical fibres 72, 73 into the prism 12. The optical fibres 72, 73 
are at right angles to one another. A connector of this configuration can be useful in patch 
panels where arriving and departing fibres are not lying in the same plane. Obviously the same 
principle can be applied to optical fibres lying at an angle other than 90° to one another by 
providing suitably shaped prisms or bridging pieces. 

Figure 6b shows a similar embodiment using a front face mirror 65b with a reflecting coating 
12b and an angle section alignment plate 20b having two limbs 21b, 22b with integrally formed 
lenses 13b, 14b. Spacers 24b, 25b locate me mirror surface 12 b accurately with respect to the 
two limbs 21b, 22b of the alignment plate 20b in two dimensions. 

Figure 7a illustrates an embodiment in which collimating lenses are not required. Here, two 
parallel non-aligned optical fibres 75, 76 are allowed to couple directly with a parabolic 
reflector surface 77 of a PMMA body 78 having a planar light transmission surface 79. The 
light emitted, for example, from optical fibres 75 is directed at the reflector surface 77 in a 
divergent beam 80. The reflector 77 reflects this light as a convergent beam 8 1 directed at the 
end face of the optical fibre 76 such that the entrance pupil is in line with the plane end face 82 
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and substantially all of the light from the fibre 75 is thereby coupled into the fibre 76. A 
suitable spacer (not shown) is provided between the fibres 75, 76 and the light transmission face 
79 of the optical body 78 to ensure the appropriate focusing. Because a parabolic reflector will 
only reflect a parallel beam from light incident through its focal point, and since each of the 
optical fibres 75, 76 provides divergent fight beams which do not pass through the focal point, 
appropriate optical coupling can be achieved by suitable positioning of the fibres. 

Figure 7b illustrates a similar configuration using a mirror 78b having a coated front face 77b. 
This embodiment has an apentured alignment plate 20 with through holes 21, 22 for optical 
fibres 75, 76 and a stop plate 79 with micro apertures 80, 81 the diameter of which corresponds 
to that of the fibre cores. 



Figure 8 is a perspective view of a prism formed by the selective etching process described 
above. As can be seen the light transmission face 1 8 is bounded at each end by two prismatic 
locating projections or pegs 50, 51 which upon assembly engage in correspondingly shaped 
openings 52, 53 in the alignment base plate illustrated in Figure 9. This base plate differs from 
the corresponding plate 33 of the embodiment of Figure 2 in that it has blind cavities 55, 56 for 
receiving the ends of optical fibres and lenses 57, 58 grown by the intumescent process 
described in relation to Figure 5 in alignment therewith and at a spacing determined by the 
relationship between the thickness of the alignment base plate 54 and the depth of the blind 
cavities 55, 56. For short distances of the order of 100 p, m cylindrical lenses may also be used. 
These are formed by translating the irradiated body in the beam according to a specific profile 
and subsequently etching away in a chemical treatment. 



Figure 1 0 illustrates the prism 12 and base plate 54 in a relative position immediately before the 
alignment projections 50, 5 1 are introduced into the corresponding apertures 52, 53. The blind 
cavities 55, 56 are tapered to allow easy introduction of an optical fibre at the open end whilst 
providing precise definition of its transverse position at the narrow end. 

As can be seen in Figure 11, an assembly comprising the base plate 54 and prism 12 may be 
held in position within a correspondingly shaped cavity in a connector block 60. Crimp and key 
assembly elements 61 such as are described in the Applicant's copending British patent 
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application 0216434.1 can be used to insert optical fibres into the entrance holes of the structure. 

Elements which are not spring loaded may be provided to compensate for the longitudinal 
forces on the optical fibres due to cleave length tolerances. In this case a buckling channel for 
the fibre may be provided in order to prevent bending losses as a result of fibre insertion. A 
cover (not shown) can be a snap fit or welded to the assembled structure to complete the device. 

Index-matching gel may be applied to the holes of the alignment structure that snap fits to the 
prism. 



Alternatively, as shown in Figure 12, the fibres may be held in positions in V-grooves 63 by a 
hingeable lid 64 which can be held shut by a spring clamp (not shown). 

Finally, Figure 13 schematically illustrates an in-line connector arrangement using two parallel 
alignment plates 66, 67 with integrally formed lenses 68, 69 and 70, 71 held spaced apart by 
spacers 72, 73. These alignment plates have blind holes to locate the fibres in pairs 74, 75 and 
76, 77. They could of course alternatively have accurately formed through holes (tapered or 
not) with a cooperating stop plate of transparent material, which itself may have even smaller 
micro holes to line up in register with the light paths from the fibres. This embodiment has no 
reflector. 



A further aspect of the present invention relates generally to a development of the connector 
device hereinbefore described for coupling non-aligned optical fibres. It has become apparent 
that the same coupling principles can be applied to a coupling not just between two fibres, but 
also between one fibre and another optical component such as a light source or photo detector. 

Accordingly, this further aspect of the present invention provides a connector device for 
optically coupling an optical fibre to another optical component whereby to deliver light to or 
receive light from it, in which the positional relationship between the end of the optical fibre 
and the said other optical component is determined by means for locating the end of the said 
optical fibre in a predetermined position both parallel to and transverse the length of the fibre 
with respect to the said optical component. 



In a preferred embodiment there is provided a lens in the path of light between the end of the 
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said optical fibre and the said other component The need for a lens will, in general, be 
dependent on the form of the said other optical component, and in particular whether the light- 
sensitive surface thereof or the light generated thereby can be directed to enter the optical fibre 
in a conversing beam without the need for a lens. In the majority of cases a lens is expected to 
be preferable in order to obtain the most effective degree of conversance. In embodiments 
having such a lens, the lens is preferably one formed by irradiation of selected regions of abody 
of polymer material followed by a treatment including selective exposure to a monomer at or 
above a critical temperature at which the monomer diffuses into the radiated regions of the 
polymer. 



The means for locating the ends of the fibres may be formed by irradiation of a selected region 
of a body of polymer material, followed by a treatment including selective exposure to a 
monomer at or above a particular temperature at which the monomer diffuses into the radiated 
regions of polymer, and thereafter a selective etching of the thus-treated region to result in an 
accurately-formed opening for receiving the end of the fibre whereby to locate it in the said 
predetermined position. 



The present invention also comprehends a method of producing a connector device according to 
this further aspect by the steps of irradiating at least one selected region of a body of polymer 
material; treating the irradiated region by selective exposure to a monomer at or above a critical 
temperature at which the monomer diffuses into the irradiated region of the polymer; selective 
etching of the thus-treated region of the polymer to result in an accurately-formed opening for 
receiving the end of the optical fibre to be connected; and optionally treating another part of me 
body of polymer to form a lens surface. 



In the preferred method, the lens surface is formed by intumescence resulting from contact with 
the irradiated region of the polymer by a monomer vapour. Once the master connector device 
has been formed. Production of the component may be achieved using mass production 
techniques such as micro-replication, ejection moulding or hot embossing. 

Various embodiments of this further aspect of the present invention will now be more 
particularly described, by way of example, with reference to the accompanying drawings, in 
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which: 

Figure 14 is a sectional view through a first embodiment of the invention; and 
Figure 15 is a sectional view through an alternative embodiment of the invention. 

Referring now to Figures 14 and 15 of the drawings, there is shown an optical fibre generally 
indicated 101 which is intended to be optically coupled to a photo detector generally indicated 
102 having a photosensitive surface 103. The photo detector is connected to an amplifier 104 
the output of which is supplied via a line 105 to electrical components for managing, or 
manipulating the electrical signal as appropriate. 

The optical connector device of the invention comprises a monolithic body 106 of polymeric 
material having a front fece 1 07 and a rear face 108. These faces may be substantially parallel 
to one another or may diverge at an angle in dependence on the nature of the optical coupling it 
is intended to perform. In the front face 1 07 is formed a recess or cavity 109 which is accurately 
formed to the dimensions of the optical fibre 101 such that this can be optically coupled to the 
connector 106 simply by introduction into the cavity 1 09. Suitable means (not shown) may be 
provided for retaining the optical fibre in position in the cavity. On the rear face 108 of the 
body 106 is a substantially spherical curved surface 1 10 the curved surface 1 10 is shaped and 
dimensioned in relation to the cavity 109 such that a beam of light (the outer rays of which are 
illustrated by the two broken lines 111,112) which represents the exit or entering cone of fight 
from an optical fibre 101 located in the cavity 109, is refracted at the interface 1 10 to a focal 
area on the sensitive surface 103 ofthephotodetector. A similar configuration, not illustrated in 
detail, may be employed for a source of light where, again, the relationship between the end of 
the optical fibre and the source of light needs to be established accurately. 

In ihe embodiment of Figure 14, although not shown in detail, there is naturally present a 
physical interconnection between the body 106 and the photodetector 102 which enables a 
precise relationship to be established between the position and orientation of the cavity 109, and 
therefore the end of the optical fibre 101 and the photo-sensitive surface 103 by means of an 
adjustable connection or a fixed, predetermined connection as suits the case. It will be seen that 
such a connector provides for "in-line" connection of the optical fibre 101 to a photo sensor. 
There may be circumstances where the photo-sensitive surface of a photodetector cannot 
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conveniently be located in line with the direction of the optical fibre, in which case the 
embodiment of Figure 15 may be employed. In this embodiment the same or corresponding 
components have again been allocated the same reference numerals. Here, however, the photo 
sensitive surface 1 03 lies parallel to the length of the optical fibre 101 rather than orthogonal to 
5 it as in the embodiment in Figure 1 4, and light is reflected by a reflector 1 1 3 positioned between 
the reflective surface 1 10 and the photo detector 102. In this embodiment, unlike that of Figure 
14, the light from the refractor surface 1 10 is collimated, that is forms a parallel beam directed 
at the reflector 113, rather than being focused at a particular area of the photo sensitive surface 
103 as in the embodiment of Figure 14. 

10 



